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I. INTRODUCTION
Interesting ground states (GS) can be observed in condensed matter by tuning physical properties with chemical substitutions. This is particularly true in strongly correlated 4f -electrons systems where many of the observed phenomena include unconventional superconductivity, complex magnetic order, quantum criticality, heavy-fermion behavior, magnetic transitions, among others [1] [2] [3] . The occurrence of each of these GS depends on the hybridization between 4f electrons with the conduction electrons 4 . In this context, intermetallic compounds from the Ce m M n In 3m+2n
family (M =Co, Rh, Ir) have became one of the important attractions to understand the effects of doping in tuning low energy states such as antiferromagnetism (AFM), unconventional superconductivity (USC), Non-Fermi-liquid behavior (NFL) and Kondo effect [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the last fifteen years, many dilution studies in the above series were conducted for both ambient pressure AFM (CeRhIn 5 ) and USC (CeCoIn 5 ) heavy-fermion compounds [12] [13] [14] [15] [16] [17] [18] [19] [20] .
In general, the magnetic properties of non-Ce isostructural related compounds from the above family depend on the localized character of f electrons. This has proved useful in the systematic study of the dimensionality and/or anisotropy effects influence on the GS of their members.
Searching a complete microscopic understanding along the R m M n In 3m+2n family (R: rare earth),
here we studied the evolution of 4 f -electrons magnetism along structurally-related compounds with R = Tb. Recently, we demonstrated that diluting with non-magnetic Lanthanum in the antiferromagnetic TbRhIn 5 decreases Néel temperature with a non-linear behaviour as a function of La concentration and extrapolates to zero at roughly 70% of La content (dilution limit) 21 , differently from the observed ∼40% for Ce 1−x La x RhIn 5 , (Ce 1−x La x ) 2 RhIn 8 or Nd 1−x La x RhIn 5 families 22 .
This has been related to the competing CEF effects, Tb-Tb exchange and disorder 21 . Furthermore, La-dilution in the S system Gd 1−x La x RhIn 5 (negligible CEF effects) proved to induces substitutional disorder with a distribution of critical temperatures as a function of x 23 and confirmed the relevance of CEF effects on the magnetic properties of Tb and Nd-based RRhIn 5 compounds studied in refs. 21, 22, and 24. Gd 1−x La x RhIn 5 represents then a simple 4f (L =0) AFM system for the study of substitutional disorder effects and short range order in antiferromagnets.
In this manuscript we conducted a systematic study on the non-magnetic Y-substitution in the 5 and, together with the results from a model to simulate CEF and exchange interactions in these systems, it suggests negligible differences of the CEF scheme along the series and a mean field behaviour of the main J RKKY 's exchange parameters.
II. EXPERIMENTAL
The single-crystalline samples of Tb 1−x Y x RhIn 5 were grown by the metallic Indium (In) excess flux method. 25, 26 High purity Terbium (4N), Yttrium (4N), Rh(3N) and In (4N) in the proportion (1-x):x:1:20 were put in an Alumina crucible and sealed with vacuum of 10 −2 Torr in quartz tube. Six compositions with nominal concentrations x = 0.15, 0.3, 0.4, 0.5, 0.7 and 1.0 were prepared and studied. The non magnetic x = 1.0 sample was synthesized in order to extract the phonon contribution to the specific heat data of doped samples, as well as used for comparing crystallographic data along the series. Crystals grow with a platelet-like morphology, and the tetragonal [001] direction perpendicular to the macroscopically observed ab-plane. This is usually confirmed by Laue diffraction data.
Room temperature (RT) X-ray powder diffraction (XRD), in the Bragg-Brentano geometry, graphite monochromator and Cu K α radiation, allows for checking the formation of the tetragonal HoCoGa 5 -type structure (space group P4/mmm). The measurements were done over a scattering angle 2θ from 10 to 110 o , with a step of 0.02 o . In order to determine structural parameters along the series, the XRD data were least-squares Rietveld refined using the FullProf/WinPlotr software package. 27, 28 The actual Yttrium concentration was measured with Energy-dispersive Xray spectroscopy (EDS) data taken in a Thermo Scientific Noran System 7, attached to a JEOL JSM-6490LV scanning electron microscope, accelerating voltage of 30 keV and NanoTrace detector. Temperature dependent magnetic susceptibility, after zero-field cooling, and specific heat data were collected on a commercial Quantum Design PPMS. The electrical resistance was measured using the PPMS low-frequency ac resistance bridge and four-contact configuration. The single crystal samples used in the electrical resistance measurements were screened to be free of surface contamination by residual Indium flux. Powder neutron diffraction (PND) experiments were carried out on the Echidna high-resolution powder diffractometer at the OPAL reactor in Sydney, Australia. The neutron wavelength used was 2.4395Å. Because the Rh and In are both fairly strong absorbers, each pattern was counted for 12 hours.
III. RESULTS AND ANALYSIS

A. X-ray powder diffraction
For the Rietveld refinement, the starting model used was the structure of HoCoGa 5 29 with cell parameters from [24] . As a result of the flux method, Indium excess remains in the crystal surfaces and its Bragg reflections can be observed in the XRD data. Therefore, its contribution was initially excluded from the refinement, but in those XRD data where the reliability factors improved remarkably with its inclusion, it was considered as a second phase at the final stages.
Tb and Y ions were allowed to share the 1a position adding to a full site occupancy and then refined. In2 z coordinate and isotropic thermal (displacement) parameters were also refined. The This is relevant in the context of evolution of the crystalline electric potential with x and will be discussed below. On the other hand, the decrease in the c/a ratio could be an indication of local changes without altering the unit cell volume (not shown). Selected interatomic distances and angles extracted from the refinements of XRD data are given in Table I . B. Chemical analysis EDS data were collected to confirm the elements content of the substituted samples. Fig. 3(a) ). R 300K stands for the resistance taken at RT and all data were collected at H = 0 and applied dc current along the ab-plane. As for TbRhIn 5 , 24 substituted compounds exhibit a typical metallic (linear) behavior above 50 K, while a clear kink can be seen at T N .
D. Crystalline field excitations with Y-content
The evolution of the crystal-field ground-state configurations have been accompanied by using a mean field model including anisotropic first-neighbours RKKY interaction and the tetragonal CEF
Hamiltonian. The f -electron magnetism in these series can be studied with the Hamiltonian: 30,31
the second term to the right is the magnetic interaction between the J i and J k moments. 
where O m n are the Stevens equivalent operators (they describe the CEF in terms of powers of the local total angular momentum J). B m n characterize the crystal field and can be obtained by fitting experimental data of magnetic susceptibility and specific heat (below). The j ik = j 0 , j 1 and j 2 anisotropic exchanges follow the notation previously used in refs. 23, 33, and 34 for this magnetic unit cell symmetry. j 3 and j 4 are introduced in this work as the Tb-Tb exchanges along the face and body diagonals, respectively. lower temperatures as Yttrium content is increased. This is expected from the weakening of Tb-Tb exchange. At lower-T an anisotropic Curie-like tail was observed in the magnetic susceptibility data for all measured crystals. It can be related to the proximity of an additional magnetic phase transitions below 2 K. The same upturn is also slightly defined in the low-T C/T (T ) vs. T data, however it cannot be followed by the model. Insets depict the inverses χ −1 ⊥ and χ −1 vs. T for each
x and the fittings (continuous curves). Considering these results, together with the simultaneous fits to C mag (T )/T data ( Fig. 3(a) ), and knowing that mean field approximations do not account for RKKY , B m n for each concentration. They were obtained to reproduce the experimental curves of Figs. 3(a) and 4 . In what follows, we call the j ik parameters as j (ik) RKKY to clearly differentiate from the angular momentum J.
The energy values from the splitting due to the crystal field, E i , together with the eigenfunctions Ψ i , are shown in Table IV . On the other hand, the diffraction pattern obtained at 3 K shows considerable magnetic contribution from the Tb AFM order [ Fig.5(b) ]. The propagation vector was found to be k = [ The Bragg R-factor = 11.8, the R f -factor = 9.03 and the magnetic R-factor = 12.3.
The above results for neutron diffraction data was obtained by assuming that there is actually 0.68 Tb moles per formula unit. This agrees with the results from EDS spectrum (Fig. 2) for this sample and with the fitting to hight T linear part of the inverse magnetic susceptibility, which points to an actual average composition between 0.67 and 0.7 moles of Tb.
It is worth noticing that we also collected PND data in the Tb 0.6 La 0. 
IV. DISCUSSION
Our mean field simulations revealed that we achieved the best fits to the macroscopic data by using roughly the same crystal field parameters B m n for all concentrations and varying only the exchange j 
RKKY the inset is the evolution of j B 6 0 have a maximum variation of ∼10% with x. Fig. 7 , top panel, shows the evolution of all the j (0)
RKKY we also compared to a mean field behaviour line (e.g. j From the results of our simulations in the Tb 1−x Y x RhIn 5 family, we may infer that the evolution of Néel temperature and the magnetic structure with x would be mostly the result of magnetic dilution effects. In Fig. 8 we compare the experimental T N variation with Y-content by considering just that j RKKY obtained for x i data. This comparison indicates that the experimental T N variation is accounted only by considering magnetic dilution effects, as expected. This is a simplified picture of a problem where we should consider the possible presence of substitutional disorder, 23 frustration mechanisms or geometric fluctuations, mainly close to the critical concentrations. [40] [41] [42] For the present context, if the latter effects are present, they might be responsible for the separation of T N−Exp (x) from the mean field behaviour for intermediate concentrations. Further, in ref. 21 we could not determine the magnetic moment orientation with the available data. Therefore, the present PND data has allowed to conclude the magnetic dilution studies of these two series and enriched the understanding of crystal field effects along the RRhIn 5 family.
V. CONCLUSION
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